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***Crystallization*** of ***amorphous*** 
by NiSi2 precipitates. 

Schoenfeld, 0. (RIKEN, Inst, of Phys . & Chem. Res 
Hempel, T.; Zhao, X.; Aoyagi, Y. 
Thin Solid Films (1 June 1995) vol.261, no. 1-2, 
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Ssing"a 8 thermal annealing treatment, amorphous ***Ni*** -doped 

o thin films were -'crystallized*** into a heterogenous 
microcrystalline structure. Structural investigations show that 
SiSi precipitates formed at the beginning of the annealing process 
behave^fnucleation centres for the heterogeneous nucleation in the 
amorphous matrix, and initiate the ***crystallization*** of the 
Amorphous*** ***silicon*** thin films. For concentrations 

hp1 „! o 5 at o *** N i*** the phase transition consists of an 
e^axial growth process of crystalline silicon at the NiSi2 
racXiStS forming a net of needle-like grown silicon crystallites 
and a second procesl forming microcrystalline silicon m the space 
bStween tSS needles . Crystallites with a grain diameter of about 10 
nm wSre observed if the distance between the needles was less than 
50 nm Tne determination of the crystal growth kinetics depending on 
*2* N T*** concentration was carried out by means of the widening of 
the Tauc gap due to ***crystallization*** . 
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Transient kinetics in solid phase epitaxy of *.«Ni*« doped 

***3Tnn-rr»hn\iq*** ***silicon*** - „ _ 

Ku.Sv A.Yu.; Svensson, E.G. (Dept. of Solid State Electron., R. 
Inst, of Technol., Stockholm, Sweden) e^n™ r (Beam 

Nuclear Instruments & Methods in Physics Research Section B (Beam 
Interactions with Materials and Atoms) (March 1995) vol.B96, no.l 2, 
p. 261-4. 22 refs. 
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A9513-8115N-001; B9507-0510D-098 ***silicon*** 
Solid phase epitaxy (SPE) of ***amorphous*** ***silicon 
layers doped with ***Ni*** in the concentration range 1019-1020 
cm- 3 has been studied. The amorphous layers were produced by 
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S elf-ion implantation^ Si( 100) sample^ ^"^JSSrSSt^ 
SPE process are observed * n ^he Jesuits iT? c ? ys tallization*** to 
changes from an initial ^ritydriven ini £ ial enhancement of 
the -ordinary' thermally activated one Tneini dengi ty of 

the SPE a r fiLrLr e a *™* d 'atomfat^hrLitial (' --prepared- ) 
a^noL^rystSine (a-c) interf ace tb. ^jnj^ • 

The role of the simultaneou^ proce^ consistent with thSse SPE models 
is also addressed. The r js u ^ s *re cons isten critica i stage 

which treat rearrangements ^ ^he a c interra 
in the" ***crystallization*** process. 
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l^ucturfanfSctrica? transport in microcrystalline composite 

^; NiS ^^ hi S ^Zhao X (RIKEN, Inst, of Phys . & Chem. Res., 

no 1 D. 123-8. 17 ref S . 
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journal IVJ^y 

Experimental 

United Kingdom 

A9511-7340N-003; B9506-2530D-033 beh _ vior in m i G rocrystalline 

***silicon*** thin f llra ^^f^ e * concentrations below 0.5 at.% 
process during thermal anne ^ n f SiSi 2 crystals which induce a 

? he ***Ni*** at oms pr e-P-tate - NiSi2 crys 

needle-like growth of Si c T ys V a ^ J -^ s _f f ects lea d to a transition 
the following process straxn- educed ^| e ^|^ r ^ a For *** Ni *** 
from the amorphous to * ^2^2^ S! ^crystallization*** 
concentrations of 0 .5 at.* and above ^ n in both cases the 

S£r£ ^^Sr^Sine, grain boundary 
states. 
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AB in situ transmission electron ^roacopy xs ;^j^~ t ---^ yBtal iine 
dynamic study of P tos ? a ^™n°s^xe3 for -*a^phous*** Y 
KfVic™*~ ma and n h ***N?-* ?mp?an?ed — amorphous*** 
^silicon*** -The mechanisms of ?nf rfacial propagatxon are 

discussed. 
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*^,«/* Hiqqnlve durinq ***crystallization*** ; tne 
^nickel"' Itoms diffuse through ...crystallized". silicon 
reqions and form new inclusions in the amorphous phase. 

***polycrystalline*** ***silicon *** ***^ a *Ion*** 

j q oicumed that the low- temperature * ^crystallization 
observeSboth at the initial amorphous/crystalline interface and at 
siUcSt fleets can be caused by self -dif f usivity enhancement due to 
the -formation of point defects during silicidation. 
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Metal induced ***crystallization*** of 
***silicon*** bhin films. 
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^^^k K ^^'^'^^ of X vii + 91 3 pp 
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? n 4 e 04 -^cr y s?alli,ation... behaviour of l^Z^*^ 

films (MSP abil i V i 0 iet (NIR-VIS-UV) transmission 

SSJctrolcopy Sansmxssion Sectron Microscopy (TEM) and scanning 
SansSS electron microscopy (STEM, ^ Using ^changes in 

described. At the ...crystallization..* ro.^r * ££ d ^ 
morphology of single crystals is observed with STEM, which is 
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A9321-8115N-002; B9311-0510D-009 , fappm ari d 

The mutual influence of solid phase epitaxial regrowth (SPER) and 
Iht Process of silicide precipitation in silicon is reported. A 
sKnlflcln? enhancement of SPER in the amorphous layer produced by 
"Si*^ + ions compared to that produced by Ge + ions with equal 
. • j ^ aa n;o^ Aiqn ***Nj.*** redistribution in 

radiation damage is observed. Also hi decrees C is 

thp amorphous phase at temperatures as low as 450 degrees is 
observed as well as precipitate growth, not in the region initially 
corresponding to the peak of the metal concentration but m the 
,?^??v of the a%c interface. The paper also reports a simple 
vicinity ot the ^ c in «il <* which treats self -diffusion in the 

phenomenological model for SPER, which treats 
amorphous phases as a limiting factor of the process. 
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£ lilici^formatlon and silicide-mediated crystallisation-^ 
of ***nickel*** -implanted * —amorphous*** ** silicon 

Sayzelaen?"c. (Div. of Appl . Sci . , Harvard Univ . , Cambridge, MA, 

Jotrnafof Ap^ied'physics (15 June 1993) vol.73, no.12, p.8279-89. 

Price : S CCCC 0021-8979/93/l28279-ll$06 . 00 

CODEN: JAPIAU ISSN: 0021-8979 
DT Journal 
TC Experimental 

CY United States , 
LA English o 1 

DN A9320-6630N-002; B9310-2550B-032 *** nicke l*** disilicide 

M ^ ^ nted amorpn fsi thin films an, 

IScSfflStiS^S 6 ™™ it^TSfSf in situ transmission 
elecKon microscopy. Analysis of the spatial distribution of the 

„ ihl to miarate through the amorphous Si thin films leaving a 
of crystalline Si at temperatures as low as approximately 484 

Si 9 which \IL parallel to (ill) directions The growth rate of the 

660 degrees C. A mechanism for the enhanced growth rate ot 
crystalline Si is proposed. 
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m A9fi8 S 6822-027; B9309-2550P-070 annealing G f an ion-amorphized 

-d^fa^^ 

reactions of ** nickel y obtained for appropriate 

sharpening of the NiSi2/c bl ^ ni: ®" o nr f ace rouqhness of the NiSi2 
amorphization depths Mor ^°^5' h 5 h f m ^Ktion The NiSi2 formation 
films is significantly redu ^ e ^ c ^ P a J n o bser?ed for structures with 
temperature is however not ^^J™ ***silicon*** 

***nickel*** deposited on *** am °^*°^ be exp i a ined by an 

prepared ^^•PO^^^I^JSTil^^aSrS of the 
unexpected low ***^yst whir! ?**Ni*** -enhanced solid phase 
ion-amorphized structure, where «j- ,. arees c 

epitaxy occurs at a temperature as low as 425 degrees c. 
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rnj Needle-like ***crystallization*** ot «i f 

Tl rvieeaxe j-j- jv<= ***ailicon*** thin films. 
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so ssfflt. 0 ^"^'^'" 931 vo1 - 35 ' no - 11 ' p ' 921 " 4 - 6 

Price: CCCC 0038-1098/93/$6 . 00+ . 00 ? V 

CODEN: SSCOA4 ISSN: 0038-1098 
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DN A9312-6855-037 , ha vini]r of *** N i*** doped 

M The !"c^-t-lli«^»^„. beb " V iSSiUeon». thin films (MSP 
ST t .» Hs^nvestigated by means of »™-VM-W 
transmission spectroscopy and STEM Using the change «ogtic«l 

transmission spectra of "* cr H"iif ^^ics is described, 
thin films the ...crystallization*** kinetics is 



one edge ^J^on*** frontier a needle morphology of 

^nSe crystals is observed with STEM which may result from solid 
a? dSfu n of ***nickel*** through the amorphous matrix. 
Using a "ng ?erm thermal treatment the authors achieve the 
formation of extensive monocrystalline networks. 
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SK*.*? T^^SSSSST^.. Hacettepe Univ., 
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p. 977-83. 17 refs. 
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DT Journal 
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LA English 

DN ^202-2550-033 *** a morphous*** ***silicon*** 

M Ta'si) thxn Y f Urns and metal-silicide compound formation using the 
o?asma are discharge has been studied using Raman spectroscopy, 

cm-2 incident energy density. In the ni cKe 

formation study, a high degree of ™^ing of N J incident 

found after .exposure to an arc light P^^^aving^45 J ±ted 
energy density. A 1000 AA thick film or a t nn AA *- h ick 

onto a (100) silicon wafer and covered with a 300 AA-thick 
anti-reflection a: Si coating. 
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Silicide precipitation and silicon ***^YStallization 
***nickel*** implanted ***amorphous*** silicon 

Cammlrata, R.C.; Thompson C.V(Dept of Mat er Sci . * Technol. 
^rnS^M p. 2 133-8. : ,4 
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4Tck£°" was investi^d using scanning trans m is S ion electron 

S- th e 



films were annealed b£ween 325 and 400 degrees C. The growth 
kinetics of the precipitates at these temperatures wer !/^ribed by 
r varies as tn, where r was the average radius and n was about 1/3. 
This behavior is consistent with models for growth of 
three-dimensional particles in a two-dimensional diffusion field. It 
waSIlso found thai the implanted amorphous films displayed an 
elLnctd rile of single crystal silicon formation, apparently 
catalyzed by migrating silicide precipitates. 
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LA English 

DN A90118177 , ^ v^+- w ^ri ***Ni*** 

M The initial stage of the ^erfac.al "act on between ^ ^ 

and hydrogenated "*f™° r P?°"* ical resistance measurement. The 
S ^ died „rSe Y resis?ance in rtU system induced by the annealing at 
fcofet^nt'heatlnr^e snSws a Bidden drop which corresponds to 

- SerSriaye^I^ 

Scuri^rS-amount ST^^ -"^^^i^ 

?ayer reaches the critical thickness, which depends on the 
temperature . * 
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TI Transmission electron microscope study of the formation 

NiSi on -'amorphous*** m d^Heurle F M ( IBM Thomas J. 
AU Aboelfotoh, M.O.; Tawancy, H.M. d Heurle, t^. ^ 

Watson Res. Center, Yorktown Heights NY USA) 
SO Applied Physics Letters (18 May 1987) vol.50, no. 20, p. 1453 4. 
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microscopy and diffrafion The -gg^^S'Ss^Si^ pd 

parallel to a previous study of similar samples p p^ found 
It, has led to different observation^ With ^ ^ and ^ 

°f asrissu^^:-. iiirE^ 1 ?? ss^^u*. -moid.. 

had been observed immedxately . 
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LA English 

S X^X^S* upon annealing of » J.on-amorphized 
Si/Si structure has been studied by various surface analytical 
tecnni£eT o O-acterize S e morphology, =-^™t factions 
ofSSS o^clyscalUne^mcon <2S> Sharpening of the NiSi2/c-Si 

depSltid on amorphous silicon prepared by evaporation. This 

CnerfNi^nnlnced solid phase epitaxy occurs at a temperature as low 
as 425 degrees C. 
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the usual one-to-two f^ase transitions (condensation, 
♦★♦crystallization*** , boiling) are analyzed by comparison to the 
classical theory of nucleation. Because of the lack of knowledge 
about the exact values of the relevant parameters, the discussion is 
carried out mostly in descriptive thermodynamic terms. Although 
nucleation effects are analyzed in general terms, the main focus of 
attention is a class of reactions where nucleation dominates the 
formation of a new phase; a salient feature of these reactions is 
the absence of any equilibrium temperature, although the nucleation 
temperatures are relatively well defined within narrow limits. 
Nucleation effects are correlated to such material characteristics 
as ttie stability of the nucleated phases, and to such kinetic 
characteristics as the sequence of phase formation. The modification 
of the energy levels of the different phases brought about by 
stress ,^bn bombardment, or the replacement of usual phases by 
metastable ones, are considered with respect to their effect on 
nucleation processes. The nearly total absence of literature 
references to nucleation in metal -metal diffusion couples is 
discussed with respect to some specific aspects of the metal-silicon 
reactions . X 
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AB Transmission electron microscopy of the compounds formed from the 

reaction between amorphous Si and thin (0.5-20 nm) layers of Pd and * 
Pt reveals the early formation of crystalline silicides. The 
presence of phase in an amorphous state prior to 

***crystallization*** is not observed. These results appear to be 
in agreement with earlier results of surface electron spectroscopy 
studies on these systems. 
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AB Interfacial reaction between nickel and a-Si:H was studied by the m 
situ measurement of sheet resistance of the sample under the 
annealing at a constant heating rate. The resistance curve at the 
rate of 2 K/min, has two features. One is a sudden drop at 260 
degrees C, and the other is a gradual rise at 490 degrees C. These 
results are compared with the X-ray diffraction and Rutherford back 
scattering measurements. 
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AB The initial stage of the interfacial reaction between Ni and 

hydrogenated amorphous silicon has been studied mainly by in situ 
electrical resistance measurement. The change of the resistance in,- 
this system induced by the annealing at a constant heating rate ■ 
shows a sudden drop, which corresponds to the amorphous -to- 
crystalline transformation of the Ni-Si intermixing layer. In situ 
resistance measurements for various intermixing layers in the 
initial stage demonstrate that the crystallization temperature _ 
becomes lower with the increase of the amount of Ni contained m the 
layer. The result means that the thermal stability of the 
intermixing layer decreases with its growth. It is suggested that 
the crystallization occurs when the amount of Ni contained m the 
intermixing layer reaches the critical thickness, which depends on 
the temperature . 



